Worldwide, millions of youth participate in organized and sanctioned baseball leagues, of which approximately 2.5 million participate in Little League Baseball (2) . Since its inception in 1991, the Little League's "A Safety Awareness Plan" (ASAP) has helped to reduce injuries in its athletes by 79% (1), appearing to be due mainly through implementation of equipment and facilities guidelines. In recent years, the prevalence of youth and high school elbow injuries requiring surgical attention continues to increase and now accounts for 30% of all Ulnar Collateral Ligament (UCL) reconstructions at a major orthopedic institute (25) . The injury prevalence rates should not be seen as indiscretion by the specific sanctioning bodies or organizations the athlete participate with because they monitor only games played within their organization. A vast majority of youth players not only participate in their local sanctioned league (i.e., Little League, Babe Ruth, Cal Ripken), but also on traveling, select, or middle/junior /high school teams as well. Although many of these leagues may enforce pitch counts, the athletes are only restricted within that league, and not across leagues. Thus, it is easy to see how youth baseball pitchers can stay within recommended guidelines and still experience overuse injuries from a very early age. Further, due to the multiple schedules, length of the seasons, and a lack of a true "off-season", these maturing athletes are usually not able to train, prepare, and recuperate properly before a competitive season.
Since the mid-1970s the prevalence of overweight and obesity has increased sharply in children and adolescents (8, 9, 12, 24) . For those aged 12-19 years, the prevalence has increased from 5.0% to 17.4% (8, 9) . Overweight children and adolescents are known to face the same metabolic health concerns (e.g., hypertension, hypercholesterolemia, hyperlipidemia, sleep disorders, and diabetes) as the overweight adult population (9, 12, 19, 24) . Furthermore, it is suggested that the sedentary lifestyle associated with overweight condition may lead to deficiencies in bone mineral density (BMD) and potentially lead to early onset arthritis (12) , due to the increased mass and lack of bone regeneration. Although one of the national health objectives for the year 2010 (7) was to reduce the prevalence of obesity among American citizens to less than 15%, current data indicate that the situation is actually worsening. Furthermore, the acceptance of obesity, especially in children, presents further health questions when the children begin to participate in sporting and recreational activities.
The prevalence of youth injuries, specifically overuse sports injuries, and the epidemic of childhood obesity, draws a potential parallel relationship between the musculoskeletal structural density and the influence of the increased segment mass on these ligamentous and tendinous attachments of the body's joints. Further, the presence of unfused plates and softer cartilaginous bone in adolescents who are forced to support greater loads, both in sport and activities of daily living, may place the athletes in greater damage than previously recognized (23) . While research exists addressing a myriad of throwing related injuries and their associated biomechanical mechanisms, the potential injury mechanisms that may occur in the child's joints as a result of the increased segment mass during throwing is unclear.
A line of research, most directly related to the current study, analyzes the effect of mass manipulation in overhand throwing of children (5, 6, 10, 13, 16, 30, 31) and suggests that an increase in mass to the throwing arm (ball or mass added to the arm), may cause an alteration of the throwing motions and joint kinetics. In addition, data on the changes in the overhand motion are inconclusive (3, 4, 13, 15) , but have been anecdotally linked to changes in muscle recruitment patterns and/or a higher increase in injury potential for the thrower. The most critical instants of injury occurrence have been documented at the point shortly before the throwing arm reaches maximum external rotation (shoulder internal rotation moment and elbow varus moment) and shortly after ball release (shoulder horizontal adduction moment; 15). However, it remains uncertain how the composition of that mass effects the injury potential.
Although previous research has suggested that an acute increase in the mass of the throwing segment [ball or mass added to the arm] (13, 16, 30, 31) increases the potential for injury in the thrower (13, 15, 16) , the data on chronic increased segment mass on joint and ligamentous health and the throwing motion remains lacking. Thus, the primary objective of this study was to investigate the influence of segmental mass and body composition on the upper extremity biomechanics of overweight youth participating in baseball pitching. The investigation should provide an understanding of the effects of segmental mass and body composition have on the increased risk factors for youth throwing injuries in an overweight population.
Methods

Subjects
Twenty healthy, young male pitchers who met initial entrance criteria volunteered as participants for this investigation. To be eligible for participation, subjects were required to be between the ages of 12-16 years, free of upper extremity injury for a period of 1year, no surgical history on the throwing arm (shoulder or elbow), and actively pitching in a baseball season at the state or regional level. Participants were randomly selected from the volunteering subject pool. All participants and guardians read and signed an institutionally reviewed and approved informed consent/ assent document before participation.
Experimental Procedures
After completing all pretest screening, the subject changed into testing attire consisting of tight fitting spandex, socks, and athletic shoes. Anthropometric, body composition, and segmental mass measures were then taken using dual energy x-ray absorptiometer (DEXA; Hologic Delphi-W, Hologic, Waltham, MA). Data were analyzed by using version 5.64 of the enhanced whole body software package. Data included five whole body composition measures: age, height, mass, total fat, handedness; and four segmental body composition measures: arm length, segmental mass, segmental lean mass, % segmental fat. A single investigator conducted the DEXA scans according to manufacturer's instructions and training. Following anthropometric measurements, the subjects were allowed to perform a self selected warm up before data collection.
In the testing facility, subjects were asked to throw ten flat ground pitches toward a strike zone partitioned net placed twenty five feet in front of them; while full body motions were measured by a six M2-camera Vicon (Vicon Peak-UK) 460 motion measurement system recording three-dimensional motion data at a sampling rate of 120 Hz from a modified Helen Hayes configuration (21) weighted for greater analyses of the upper extremity. The kinetic values of interest at the shoulder (internal/external rotation and horizontal abduction/adduction) and elbow (varus/valgus) were calculated using the Vicon embedded workstation software.
Statistical Analyses
Analysis was performed using the Statistical Analysis System, Version 9.1 (SAS Institute, Cary, NC). Regression analyses were performed to determine the factors that significantly influenced throwing elbow and shoulder joint moments. Indicator variables were used for testing all joint moments in the models, for the five whole body composition measures (age, height, mass, total fat, handedness), and the four segmental body composition measures (arm length, segmental mass, segmental lean mass, segmental fat). Separate OLS regression models were used to evaluate the effects of each whole body composition and segmental body composition variable on each of the joint moments about the throwing elbow and shoulder. To determine whether the segmental body composition measurements were associated with joint moments about the throwing elbow and shoulder independently of whole body composition measures, the model was further restricted with only segmental body composition measures. Subsequent removal of each whole body composition variables resulted in the moment coefficients remaining essentially unchanged, suggesting the restricted model was an appropriate multivariate approach to investigate segmental body composition measures on joint moments about the throwing elbow and shoulder. A Bonferroni correction (to account for multiple correlations) was applied such that p < .05 was required for significance.
Results
The mean age (standard deviation) for the 20 pitchers (range, 12-16 years of age) was 14 (1.2) years, with 16 of the 20 being right handed. Whole body composition measures, segmental body composition measures, and throwing elbow and shoulder moment characteristics are reported in Table 1 .
To test the relationship between segmental body composition measures and throwing elbow and shoulder moments, we estimate the following equations. Regression results for the unrestricted model (1) reported a positive and significant relationship between each of the throwing elbow and shoulder moments and mass and total fat, while results did not indicate a significant relationship between the moments and height. The results for the unrestricted model for segmental body composition measures indicated a positive and significant relationship between each segmental body composition measure and throwing elbow and shoulder moments ( Table 2 ). To determine whether the segmental body composition measurements were associated with joint moments about the throwing elbow and shoulder independently of whole body composition measures, the model was further restricted with only segmental body composition measures. Restricting the model to only segmental body composition measures did not change the relationships indicating when controlling for whole body composition measures. These results suggest the segmental characteristics of the throwing arm may play an important role in determining the kinetic characteristics when throwing a baseball. Furthermore, segmental lean mass may have a lesser role in the same kinetic characteristics, while possibly controlling excessive moment generation about the elbow and shoulder during throwing.
Discussion
The current study aimed to expand on the multitude of studies looking at throwing biomechanics, by introducing additional potential culpable factors responsible for changes in throwing kinetics, specifically in the youth. While the implications are clear that the rising epidemic of childhood obesity has deleterious effects on general health; the findings of this study indicate the body composition and segmental mass characteristics in overweight children have a negative impact on throwing biomechanics that have been linked to overuse elbow and shoulder injuries. These findings expand on previous literature which report changes in throwing biomechanics occur with the addition of increased external weight (mass), by initially indicating positive association between increases in body composition measures and injury potential through increased injury correlated moments about the elbow and shoulder. Although injuries to the throwing arm of mature athletes are common, overuse injuries in youth baseball players are becoming increasingly more rampant (11, 22, 26) . However, the exact mechanism is not fully explained, mainly due to Note. The table presents the lack of research analyzing the mechanics of the developing athletes and the differences in each athlete's developmental status. Ireland and Hutchinson (20) explained the aspects of the developing athletes' upper extremity that are unlike those of the mature thrower; including the physeal plate structure, immature muscle structure, and increased joint laxity. While these differences exist, the repetitive throwing injury types are consistent across ages: medial elbow ligamentous and posterior glenohumeral tendinous stresses, with maturing athletes having higher risks of avulsions (17) . Fleisig and colleagues (18) compared the kinematics and kinetics of professional, college, high school and youth pitchers. Differences in timing and motions between the groups were relatively insignificant, however, as expected, the joint forces and moments increased significantly with age. The same research group (18) (14), and Pappas (27) . It should be noted that a potential limitation to the current study was the decreased throwing distance as the participants threw only 25 feet. In addition, the current study captured data at a rate of 120Hz. Being that the joint actions of interest was proximal to distal segmenting of the shoulder to elbow at each joint and the fact that this was a youth population, the authors would not expect a sampling rate error in this population. However, based on the similar results to that of published papers, we are confident the decreased distance and the data capture rate had limited effects on throwing biomechanics.
Conclusions
Previous research (5, 10, 13, 30, 31) has analyzed the effects of different segmental mass on various throwing parameters of youth throwers, including kinetics. Further studies (18, 28, 29) have analyzed the mechanics of youth throwing relative to mature throwers based on injury, kinematic, and kinetic values. Applicably, in recent years much has been done to combat the increasing risk of throwing injuries in youth athletes espoused by the aforementioned data. Research, equipment development, and pitch count rules are a few of the steps that have been taken to address the growing incidence rate and concerns of these overuse injuries. While progress is being made, indications are that a multitude of potential factors may be influences in the resulting outcomes of these injuries. The current study indicates a potential relationship may exist between the incidence rates of throwing injuries in youth athletes and another related epidemic; childhood obesity. The findings indicate a direct relationship between increases in body composition characteristics consistent with being overweight (i.e., obesity) and throwing mechanics correlated with injury risk. These findings provide preliminary and valuable information to researchers and technicians seeking to provide practical information related to additional factors that may influence throwing related injuries. These results imply that a youth athlete with unhealthy body composition measures may be at a greater risk for a throwing injury than a youth athlete who is considered to be at a normal body weight and composition makeup.
Although current rules and regulations (i.e., pitch counts, physicals, etc.) for participation in youth baseball leagues are helpful in reducing both severity and frequency of injuries, more efforts in preventing injuries are needed. The popularity of travel, tournament, or select teams provides a counter relationship to the current ideals of the single league or tournament pitch counts. There is a need for research to prevent injuries, both by improving the existing rules and regulations and by developing new approaches to determine if the youth athletes can withstand the exertions required to play on multiple teams and seasons concurrently.
